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DHC : A OIiRNAL HEAT CAPACITY PROGRAM FOR MICROCOMPUTERS*

J. Oouglas Balconb

Los Alamos National Laboratory
Los Almos, New Hexico 87545

ABSTRACT

D~urna? heat capacity is a useful parameter for estimating the temperature swing to be expected in d dltWt

gain passive solar building, This is Important t~ know because a cormnon problem in these buildings is exces-
sively larqe swings due to an inadequate amount of heat storing thermal mass wit;]in tne space. The DHC proyrar
calculate. the diurnal heat capacity for any combination of homogeneous or layered surfaces using closed-furm
harnmic solutions to the heat diffusion equation. The theory is described, a basic program listing is pro-
vided, ~nd an example solution printout is”given.

INTRODUCTION

Diurnal heat cnpacity is a measure of the ability
of a building to store heat and return heat on a daily
basis. It is Important in a direct gain passive solar
building, for example, because some of the solar heat
entering the building Is stored in building mass and
contents during the day and released later the next
night, It can also be important in night-vent surmner
cooling in which the building is cuoled bj natural or
forced ventilation at night; the mass of the building
then absorbs heat during the next day and the cycle is
repeated. The important characteristic of these two
examples is the repeating 24-ho(lr nature of heat stor-
age and heal retu~’n. This cyclical behavior is called
diurnal. Oiurnal heat capacity is e~pecially useful
in estimating the swing in room temperature in a
direct gain building or the cooling load reduction iII

a night-vent situation.

Not all of the mass in a building will respond
equally to a diurnal CYCIP. Mass that is deep within
a wall, for example, is insulated from the give-and-
take at the surface by the intervening layers of the
whll and will, therefore, not cycle as much in temper-
ature as mir$s near the surface. Furthermore, there is
time delay associated with conduction of hedt into the
wall arid the return of heat to the surface 12 hours
later. This time delay means thirt the cycles of wall
surface temperature and wall surface hsat flux are up
to 6 holrs out of phase,

The diurnal heat capacity of a building is always
less than the total heat capacity (calculated simply
by determini~lg the total mats of each material and the
respective heat capacity of that material, and surmning
up the products). Dfurnal heat capacity call be cal-

culated if the nature of the thermal coupling at eacil
surface is known and “If the w611 surface constructions
and material properties are known, A cotlvrn{ent math-
(Imatlcal approach Is to use harmonic analy’,ls because

..--—-—- .----,_-—-.---—

of the cyclical nature of the temperature and Iledt
flows. Because the waveform of the response tends to
always be the same, it is sufficient to calculate ttle
response for a pure 24-hour sine wave and apply a cor-
rection factor to dCCOUI_It for higher hdrmonics, The
diurnal heat capacity is simply the heat stored dna
then returned to the room each 24 hOUrS per unit of
room temperature swing--assuming a pure sine-wdve
ir,pu]. It hasothe sam$ units dS tOtdl nedt Cd~dClty,
Btu/ F or kWh/ C or J/ C.

OHC is a microcomputer program that implel,wnts
lhe calculation of diurnal heat cdpacity. It is
intended to be used as an did during the design plo-

cess. It is written in BASIC. The cdlculdtiun is in
three stages: (1) determining the diurnal hedt capdc-
ity (per unit surface aren) of each wall, floor, ur
ceiling type based on input data describing the con-
struction, and a built-in librdry of material proper-
ties (or user-input properties), (2) aggregating the
diurnal heat capacities of each surface enclosing a
room bv vector addition to determine the d“Urrldl hedt

capacity of each room in the building, and (3) aggre-
gating room diurnal heat capacities to determine
whole-building ljiurnal heat capacity,

Tt,e mathematics behind the program are fairly
complicated, involving complex numbers and vector
algebra; however, the program user is isolated from
this complexity, The program is menu driven with
built-in prompts that minimize the need for recourse
to a manual. The code outputs are room and uuildinq
diurnal heat capacities For convel}ience, wall R-
values, total mass, and total heat capacity are alsu
calculated and output, Once knowh, tllc rliurndl hc~t
capacity can be used in a very simple equatiurl to
predict peak-to-peak diurnal room tcmperdture swit)y,

The purpose of the puper is to mdkc the prugram
listing available and uncourdye others tu incorpordt~
the procedures , either as fs ur modified, intu tllcir

A
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14r Iown computer work,
DHC is public domain; the leng~ is

or into public-domain or pro rie -
tary programs.
227 lines.

THEORY

The problem facing the designer Is to predict
temperature wings so as to knw when corrective de-
sign measures are necessary, The analysts should be
simple enough for easy use and yet comprehensive
enough to account for the primary effects. The method
presented here does not account for inside-temperature
swings caused by the suing in outside temperature be-
cause this is normally small and out of phase ~ith the
direct gain swing, Temperature swings resulting from
variations in internal-heat generation could be pre-
dicted by a minor extension of the method.

In the initial analysis, a 24-hour sine wave
will be considered; this is the diurnal portion of the
building response. At a later stage a modification
will be made to account for higher harmonics. The
final result is an estimate of the temperature swing
result+ng frcw direct gain during a sequence of clear
midwinter days,

The one-dimensional heat diffusion equation can
be solved in closed form for a single fre~uency.1
Consider a slab of materiai of thickness (X) with
sinusoidal temperatures (T) and heat fluxes (q) at
faces i and 2. The result is

T1 = T2 cosh YX + (q2/k~) sinh IX , (2)

where Y= (1+ i)~m, i .@, P . period of
the oscillation (1 day).

We are interested in the heat transferred through
face 1 during one-half cycle ccrnpared with the peak-
to-peak temperature swing at face 1, This is the
diurnal heat capacity, referred to here as dhc, This
is closely related to the thermal admittance, y~,
used by Davies:l

Y1 = ql/Tl;dhc ❑ (P/2n)yl ,

where ql and T1 refer to the peak departure of

ql and TI from their average values.

FP Is infinite in thickness,
dhcm, ~f+ Pflck/2n ,

If the wall is finite and q2 . 0,
dhc : dhc,,,Zg , where Z = tanh YX and g . eiH/4 ,

The magnitude and phase of Zg can bc expressed in
terms of real variables as follows:

=~-- COS 21),(rosh 21 + COS 21),
.—— —.——.

mag (Zg)

and

phase (Zg) ~ arctan (sin 2[/sinh 21) + ,/4 ,

The magnituric of dhc is shown in Fig, 1 for
sevcralmcommon building m~tcrials. The phase varies
from ,,~ for thin matcr{als to 45” for thick
matcria15.
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Fig, 1. Diurnal heat capacities of various materials
as a function of thickness. For interior
partition walls, use 1/2 the total wall
thickness to de-ermine the diurnal heat
capacity for each of the two surfaces.
These curves apply to radiation-coupled mass.

lf the wall consists of several ldydrs of dif-
ferent materials, the dhc of th~ composjLe wall can IIe
determined fromyl using Eqs. (1) and (2) as follows:

yl/a . (y2/a + 29)’(1 + Zy2/ay) ,

‘h~rea=m .

(J)

This equation is used repetitively, working from
the outside layer inward, layer by layer, by setting
y2 for each subsequent layer equal to yl for tile
previous layer at the interf~ce. The procedure d d
derivations are outlined in more detail by Oavies f

and Balconlb.2

RELATIONSHIP BETWEEN dhc AND ROON-TEfIiPERATUIU StilNti

Thuc far, diurn~l heat stordge has bcun reldted
to surface .temperature swin

7’
To usc Lhis re~ult, wc

must :,omehow estdblish a re ationship between ruom-
temprrature swing and $urface-te,npcrature s.~og, TtIC
total heat stored will be a sum of heat stured in the
various surfa~es that enclose the r~om in question.
At this point the procedure becomes approxinmtc bc-
causd a precise solut{on is overly cumplcx,

We distinguish two prim~ry cdfeyories of situd.
tion: those In which tllu incoming ellerqy is radid
tiv~ly codpled to the surf~ce (either by shurtwave
solar radiation or by longwave infrared rddidtlull irum
other surfaces), and those convcctivcly ccuplud tu tl~u
room air. in the first case the air temp~ratur~~ iul-
10WS the wall-$brface temlleratures; in tllc sucund Ld>u

the wall temperature foll[)~s the air tr:mpcraturu
Furthermore, thermal comfort is related to ,] cumuusltu
ot air temperature and muan redia!lt tcwl~lur~ture, Mu
simplify by equating roum tcmpvrdt.uru and wdll .surfa~v
temperature in r~diative;y Puuplud sltuatluns tIIId by
accounting for an air-film iInpcdd.ncuin tllv C(i>u uf
connectively coupled situations. To cumputc (llILtor
the convcctively UOUPIMI cdsc, thu air-film impuu~ncu,
I/U is added vectorially to the wall impcd~ncv,
l/yl, to obtain a nwdiflcd tutisl Impwlancu thdt is
then used to calculate dhc (U i th~! dlr-fiim co!hk

)tance, normqlly 1,5 I~tu/h “F ft ),



PROCEDURE

Diurnal Heat Capacity of a Hhole Room

The diurnal heat capacity of a whole room or a
whole building can be determined by aggregating the
Ind!vldual diurnal heat capacities of all surfaces
a~tfng In parallel.3 Thjs~fll be called DHC.

‘fechnlcally, It Is the vector sun of all the DHC
values for all the various surfaces that enclose the
rocs,l.

(4)

where A; is the area of the ith surface, ft2, and
dhcl 1s the dhc of the Ith surface, Btu/”F ft2,

so that DHC has units of Btu/”F.

The first step is to categorize the exposed mass
surfaces ins~de the building. Two categories are dis-
tinguished:

Radiation-coupled mass. Solar energy is trans-
ferred to the storage mass by either solar or thermal
radiation. The mass must be either within the space
that the sunshine enters or form an encloslng surface
of the space. It Is not necessary for the mass to be
In the direct sun, but there must be a direct line of
sight between the mass surface and absorbing or re-
flecting surfaces that are in direct sun, For these
surfaces the dhc is calculated In terms of surface
temperature.

Convection-coupled m~ss. Solar energy is trans-
ferred to the storage mass by natural convection of
warm air. Doorway or other convection openings must
be provided with a tots? open area of at least 4! of
the storage-mass surface, w 2; of the storage-mass
surface if the openings are spaced more than 6 ver-
tical feet apart,

Massive floors require special conslderat.ion,
Floors in direct gain rooms that receive no direct sun
are considered convection coupled because of the lack
of line-of-sight radtdtive coupling. Floors not in
direct gain rooms should be ignored because of very
poor convective coupling.

Next look up values of dhc from appropriate
tables for each material type for the appropriate
thickness and form the appropriate (dhc) . (A) prod-
ucts, Tables of both radlatlon-coupled and convection-
couplea dhc have been compiled by Balcomb2 for com-
mon building materfals. Next, calculate the DHC of
the furniture and ro ~ air. This can be estimated as
2 Btu/”F for each ft of floor area for typical
furnishings,

Estimation of Romn-Temperature Sw~ng

TIN amount of heat stored it~ the building during
clear winter days can be estimated kllowlng the direct
gain glazing area, the solar penetration per square
foot of glazing area, and the heat-loss characteris-
tics of the building, A heat h~lance Is calculated
over tbe 12-hour period from 0600 to 1800, accounting
for solar gains p?us internal heat minus heat losses.
The heat losses art’ calculated based on the total
he~t- loss coefficient of the building (TLC) and the
d{ fferencc between average inside temperature and
average outs~de temperature.

The energy balancu desc~lbed above can be put in
equation form as follow.i:

DHC “ Al(swlng) : 0s “ A . (Tr - Ta)TLC/2 + Oi/2 ,

wkere AT(swlng) . peak-to-peak room-temperature swing,
Tr = daily average room temperature,

Ta . daily average ambient temperature,
OS = clear-day solar gains per unit ared of

direct gain glazing,
I)i = daily internal heat (assumed uniform), and
A . direct gain glazing area.

If tic building uses no auxiliary heat (me nor-
mal case in a passive building on a clear wil.ter day),
a daily heat balance gives

QS .A=(Tr-Ta)TLC-Qi .

Therefore,

AT(SWing) = 0.50 Qs . A/DHC .

A factor can be used to account for higher Ilarmonics.
From study of typical profiles we find:

AT(Swing, actual) = 1.22 . AT (swing, 24-h harmonic)

Thus, AT(SWing) = 0.61 Qs . A/DHC . (51

Spot checks have been made to assess the accuracy of
the procedures outlined. Comparisons made Detween tne
&T( swing) calculated using lnvol~:d thermal-network
computer simulations and the simplified procedures
proposed here show correspondence wtthir, 5 to 8, .

COMPUTER PROGRAM

The OHL COmpIJter program implemefits the cdlculd-
tion of DliC as given by Eq. (4!. Uhen the proyrdm is
run, a list of 5 menu options are presented as follGws:

List of materials,
;: Input surfaces,
3. Calculate room,
4. Total of all rooms,
5. Zero room totals.

Menc 1 (lIre 350) simply prints a list of materidl
choices built into the program library for the user’s
convenience, Menu 2 (line 450) is used to specify ds

many layered wall constructions as desired. Eacn sur-
face is given an identification number. The program
prompts for the number of layers and then for the type
number and thickness c.’ each layer. Airyaps are per-
mftted. The user may select either a liL,’ary mdteri-
al,a “formuld” materidl (for ~h{ch the spcclfic neat
and thermal conductivity are specified functions of
density) or he may specify all the material proper-
ties, After the ldst layer is spe~lfied, the program
prompts for the film conductance between the inner
surface and the room air. Both radiation-coupled dnd
convection-coupled values of dhc are Calculated
according to Eq, (3) and are saved in arrays Ill, Pi,
and R2, P2, respectively (R refers to magnitude and P
refers to phase). Mistakes made while running Menu ‘Z
can be rectified by repeating the menu with the swne
s~rface type numbers.

Menu 3 (line 13S0) implements the vector sum-
mation of (area] x (dhc) prcducts as spccifi~?d 111Eq.
(4), The user specifies whether the thermal connec-
tion is radiative (1) or convective (0),

Menu 4 (line 1770) implements the vector swrmM-
tion of several rooms. Menu 5 (line 250) re-zer!ls tl:e
room totals so that additional calculations can be
made without having to re-specify rooms or s~rface
types.



EXAMPLE CALCULATION

Surose ~ 200 ft2 workshop is enclosed by (o.,
walls ( B(I ft ), a ceiling (200 ft2) and a floor

(200 ft ), of which 1/2 is covered by furniture or
carpet. The wall is 6-in. concrete and the ceiling iz
2-in. wood, each with insulation outside. The floor
Is I-In, hardwood laid on a 4.in. concrete slab laid
on earth. The room has 30 ft2 of direct gain win-
dows facing south. Calculate the clear-day winter
temperature swing,

Run the DHC program in order to determine OHC as
needed to calculate Eq. (5) for hT(SWing). The com-
puter printout is shown below, The first step is to
select hienu 2 three times in succe sion in order to
calculate the dhc of each surface type. The layers
are describ,!d working from the outsfde inward. The
dhc values shown on each line refer tD the di;c deter.
mined at the inner surfdce of each successive layer so
that the final answer on the last line is the cumula-
tive dhc. The last line (airgap) refers to the inside
film coefficient (h x 1.5 Btu/”F ft2 h) and is
therefore the convective dhc, The line above this
gives the radiative dhc, Lag refers to the phase,
which is given ir,hours. For example, the rad{ative
dhc for the floor (surface type 3) is 3,6 Btu/”F ft2
with a phase l~g of 1.5 hours (22.5’). Note that the
earth was represented by adobe properties, The choice
of a 24-in. thickness was chosen to represent an es-
sentially infinite thickness for diurnal effects, The
total heat capacity (H~) and total mass are also
listed.

1
II.,,,
14::

<1

The next step is to select Menu 3. The wall jS
surface type 1, the ceiling is surface type 2, and the
floor is surface type 3. The final D!IC is 2751
Btu/-F, indicating that the room surfaces will store
and return 2751 Btu for each l-F of sinusoidal. ruom
temperature swing.

TO complete the calculation of AT(swing), we need
to know Qs, the daily transmitted solar radiation
per ft2 of direct gain glazing. At 40 latitude,
this is about 1440 Btu/ft2 per day. A is JO ft2.
Therefore, using Eq, (5):

AT(Swing) = (0.61)(1440)(30)/(2751) ,

AT(swing) : 9.6-F .

This is the peak-to-peak temperature swing to be
expected on a clear winter day.
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APPEHDIX

PvogFm Listing

Stsndsrd Heulett-Packard BASIC. Ths progra requires ibout 26K of uwry,

DRT6 95, ;19,.19,;’WINKI”
DRTR 167, .2, 1.05,=GPRNITE”
DRTR lS3, .22, .54, ”LItlESTOt1E-
I@Th 50. ,26, .093, ’’GYPBO#FD=
mRTfi 45.. 3, .092. ”HFIPD14CICID”
fiRTfi 32, .33. ,067,’’SOFTHOOD”
F13F 1=1 10 III

PERU DII.,CII..IIII.MS I.
IIE::T I
fiG=MG=F!6m::G=’iG=O
PP1tlT
PPINT “RO13H TOTRLS ZEROED”
DISP
D~SP “I-LIST OF HRTEPIRLIII

DI;P “2-lIIPUT 5URFRCEE.”

D15P “3-CRLCULRTE ROOHII
DtSp “4-ToTRL OF RLL RDQHS”
DISP “5-ZERO POOH TOTRLS”
IIIPIIT “HEIIU WJtlBER’’,M2
IF N: ■0 OP 112~5 THEII 320
1311 IIJ C13T0 350, 45D,1350,1770,J30
PRItlT
PPIIIT “ O MRTERIRL KIElisIT’i c,) 1“
PUItlT USIHG 430113, ’’FlIPGl4P”
F13P III TO Ill

PPINT 1151HG 43011,HC~I,,~II:,.C,I ,,1!1)
liExT I
PPI14T USIIIG .1301111+I .=FOPHULR”
PFIHT U“:IIIG 430:111*2, ’’LI5EP lFE~lFIEII”
lMfiGE 3~, ~::, 14fi.6h,213[I.3D I
Go7@ 260
IIIFU1 ‘SUPFtWE TYPEII,S
lIIPU1 ‘HUIIBEP OF LFIYE17S”,H
PPIHT
PPltlT ‘SIMFRCE TYPE “,S
PPIIIT “FIFITEPIPIL TI*ICI D<l>l . c p

Laq”
G4=H4=M4=L4.U
FOP 1=1 TO N

IIIPUT “TYPE, THIC}HE5S’’, I,L
IF L ■0 THEII L=lE-50
IF T.in THEII 640
I FIIPGRP
IIIPUT “U-VHLUE”,U
IF U..=c! TNEI1 U=IE-50
n=u
~.~

D=C~l =H=H=o
111=’’RIPGFIP”
Gml.’lj
GI.IT(I ~41J

i 17tIHllRllrE
I DIIIIII ”: II II IL E”:.:. IHI(I. IIC!L

I PE21S1RIICE

HI;



640
6S0
660
670
600
69e
700
710
720
73e
740
7s0
76e
770
780
790
000
610
020
630
040
8s0
060
e?e
Bee
e90
900
910
92@
93L!
940
950
960
970
9e0
990

1000
1010
le2e
1030
1040
leso
106B
1070
Ieee
1090
llee
1110
1120
1130
1140
1150
1160
1170
Ilee
1190
I200
1210
1220
1230
i240
I250
1260
1270
12s0
1290
1-JW
131Q
13#a
I330
I34t!
13s0
1360
I370
13e0
1390
I400

I DENSITY
1 SPECIFIC HERT
I CONDUCTIVITY

IF T>N1 TNEN 710
! LIBRRRY NRTERIBL
D=DtT)
C-C(T)
~=K(T)
NsmMs(T)

GOTO 79e
IF T)N1+l TNEN 7e0
I FORHULR nRTERIRL
INPUT “DENSITY”,D
C=l~(3m934+.006*D) I FOFtlULR FOR C
K=.05*E)tP(.e2*D) ! FORHULR FOR k
No=’’FoRnlJL~II

GO1O 799
INPUT “FuWIE,DENSITY,SPECIFIC
Q=SCIR(PI*D*C*K 12)
Z-L. 12*eQRtPI*D*C/24~1< ,
G9L.12/K
nmLf12*D
HnM~C

L4=L4+L
G4.G4+G

n4=r14+n
H4-H4*N
IF 1=1 RNtI T=O THEN 9713
IF 1)1 THEN 1000
GOSUB 2160
X.R1
ymBl

GOSUB leee
pmp+a~
RmRbR

GOTO 1160
R-R
p.a

GOTO l16@
IF 1=0 TNEH l@90
R.R,R

GOSUB 1930
~lm)(

D1=Y
GOSUE 1970
GOSUB 18S0
R-P*R
GOTCI 1160
R=P R

G05UB 1930
clm~
Dl=’f

GOSUB 2110
GOSUB leee
pmp+~
RmF*lz,P1

HERT ,

1

I

I

I

I

I

1

CONDUCTIV1TY”,14S, U,C,I”
RDMITTRN~E (INF. THIC}J
DIMENSIONLESS THICF.NES5
RESISTRNCE
nRss
HERT CRPRCIT’I’

RECT TO PCILRP

OUTER RIE FILM

INHER IIR55 LRYEE
PtlLRR TO FECT

TRRI!SFEP HRTPIY.
PECT :0 P13LRP

INNEP FIIPGRP
POLWI TO PECT

PEI14T USIIIG llGOIll#,L, D,C,l”,G,ll,H, R,P.”15
IHRGE 13PI,4D, LI.7D,z,.3D. 3DJ,5D. D,ED,346D.11,
RWR*PIJIS ! COHVERT TO I?D1’lITTt7NCE
IF [=N+l THEN 12B0
P1(S)=R*12 F]
Pl(sl-p

‘ DHC
I PHR5E

NEXT 1
INPUT “FILH C1311tNJCTnHCEII,U
T.o
Lme

GOTO S70
PFIIIT U’5111G 12WI’’TCITRL’],L4,G4,M4,H4
IMRGE 13R,4D.D,26D.D,QD,6D, D

R215:,~Rt12. PI I DHC HITH FIIP FILM
P2, S>-P I PHR5E bllTH RIIJ 71LH
H4rs)mH4

H4($J=H4
GOTO 26B
I ltOOM CPILCULRTICIII
l15=M5=HS=M5=Y5=~
iHPUT “POOH H17W;=,NS
PPItiT
PPINT “ROOM 1S ‘1118
PPIIIT “5ur~~c~ Flrom Col’ll)icf 1o11 PI*SI HC IIHC

1416 INPUT “NUHBEP nF 5UFFIKEI:.’’,II
lmze FOP 1=1 To H
1430 IIIPUT “WPFRCE T’(PE,RPEt3. rt4EPIlRL COIIIIECTIGN ,0 1’5 CCIllVErTl\’E, 1 IS P’nD

114TlVEI’’,5rR,C



1440
14W
1460
1470
14ee
1490
1500
isle
152e
153e
ls4m
15s0
1560
1s70
15e@
1590
16@0
1610
1620
1630
1640
1650
166e
1670
16e0
1690
1700
1710
172@
1730
1740
175e
1760
1770
17e0
179@
.000
Iete
le20
1s30

P 15
1040
18s0
le6@
1s70
leee
I e9b
1900
1910
1920

1930
1940
1950
1960
1970
lqeQ

1990
2000
2010
2020
2030
2040
2050
2060
2970
:Oeo
~g~o

2100
2110
2120
2130
2140
21W
216a
2170
Zleo
2190
2200
2:10
2220
2230
2240
2250
:260

! POLRB TO RECT

I RECT TO POLRR

IF C<O THEN C-B
IF C>l THEN C=l
Xlmylm@
Rm~sRl(s>9c

P-Pi(S)
COSUB 1930
Xlmxi+x
ylmyl+y

R=R*R2(S>*(1-C)
pmpa(s>
GOSUB 193@
xm~l+x
Y8Y1+’(

GOSUB leeO
X5-X5+X
YS=Y5+Y
H5.H5+n4<s)*a
H5mH5+H4(s)*n
n~.ns+~

PRINT USING 1640\S,R,C,H4(S>*P,H4(S)*R, R,P/lS
IHHGE 4D,11D,7KI. 2D,12D,12D,12D, BD.D

NE)(T I
X-X5
Y=YS
GOSUB lGSe 1 RECT TO POLFIP
PBINT USING 170@; ”TOTi3L’’,fi5,H5,H5,R, P/15
IMRGE 6R,9D,22KI,12D,12D,SIII.D
~6m~6+~~

fq6.M6+M5
H6-H6+HS
~69~6+~
y6.’f6+y
GOTO 260
I TO”rRL5 OF RLL RoOMS
~.#6
Y.y6
GOSUB leee ! RECT TO POLRR
PRINT
PRINT “SUBICITRL OF RLL ROOMS”
FEINT USING 134DI’’IWER=”,FI6,” Mass=’’,ME,” HC=’’,H6. ” lIHC=’’rP, ” Lsg=”,

IMRGE 5R,6D,?FI,7D, 5FI,7D,6FI,711, 6R,411.CI
GOTO 260
END

1 SUBROUT1NE5
! RECT TO POLFIR

P=SQR<X*2+Y’2B
P=RTH(Y#)()
IF H(O THEN P=P+IBCI
RETuRN

! POLRR TO RECT
X=P*COS4P,
‘{=R*51N<PJ
RETURN

I TRRN5FEP HRTRIX
GOSUB 2160
MmR1-Bl+Cl+SOR,~’.

Y=Rl+Bl+Dl*SQF~2,
GO’5UB lBeO
R1=R
P1.p
:;=Rl*cI.BI*Dl+BIscl+~l •~l+5QpI~I
‘i=Bl*Dl+Bl*C l+Rl*D1-R i*Cl
GOSUB lSBO
pmpl Jp
P=P1-P
GOSUB 1930
PETURN

I PUPE CONDUCTR14CE
D3mcl,2+2*cl+l+Dl 2
;:m,cl z+cl+Dl ~> D3
‘I’mDI. D3

RETUPN
I Tanh[l.1+1 ]+21
PRD
52.(EEPI’:J-EXPI -ZJ1.’:

C2=IE::P, ZI+E::PI -:11 z
$3=s111,2,
Clm[OS,Zl
D3=JCZ6C3J.2+(SZ*531 z
Rimsz4c2 D3

BI=s3+c3 D3
DE G
PETUPN

I Thnh

I RCCT TO POLRP

‘ PECT TO POLRR

EIIII SUBROUTINES


